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Abstract
Background: Electronic health information systems (HIS) are critical components of national 
health systems, and have been identified as a key element in the development and strengthening of 
health systems globally. Novel approaches are needed to effectively and efficiently train health 
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care workers on the use of HIS. One such approach is the use of digital eLearning programs, either 
alone or blended with face-to-face learning activities.
Methods: We developed a novel blended eLearning course based on an in-person HIS training 
package previously developed by the United States Centers for Disease Control and Prevention. 
We then conducted a pilot implementation of the eLearning course in Namibia and Tanzania.
Results: The blended eLearning pilot program enrolled 131 people, 72 (55%) from Namibia and 
59 (45%) from Tanzania. The majority of enrollees were female (n = 88, 67%) and were nurses (n 
= 66, 50%). Of the 131 people who participated in the in-person orientation, 95 (73%) completed 
some or all of the eLearning modules. Across all three modules, the mean score on the post-test 
was significantly greater than on the pre-test (p < 0.001). When comparing results from previous 
in-person workshops and the blended eLearning course, we found that participants experienced 
strong learning gains in both, although learning gains were somewhat greater in the in-person 
course. Blended eLearning course participants reported good to very good satisfaction with the 
overall content of the course and with the eLearning modules (3.5 and 3.6 out of 5-point Likert 
scale). We estimate that the total cost per participant is 2.2–3.4 times greater for the in-person 
course (estimated cost USD $980) than for the blended eLearning course (estimated cost USD 
$287-$437).
Conclusion: A blended eLearning course is an effective method with which to train healthcare 
workers in the basic features of HIS, and the cost is up to 3.4 times less expensive than for an in-
person course with similar content.
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1. Introduction
Health information systems (HIS) have been identified as a key area of focus in the 
development and strengthening of health systems globally [1,2]. High-quality data are 
essential to disease prevention and treatment, policy development, resource planning, and 
accountability [3,4]. Having reliable, valid, timely, and relevant data depends upon robust 
HIS tools, as well as personnel with skills to manage and use these systems. As the cost of 
information and communications technology has declined, novel information technology 
(IT) tools present both great opportunities for improving HIS and potential complexities. 
There is substantial need for health-sector personnel in low- and middle-income countries 
with the skills to define functional and technical requirements for HIS, design or select 
scalable and effective information systems, strengthen data quality and completeness, and 
provide data security. Innovative technical solutions can partially meet these needs, but the 
success of any solution depends upon the development of in-country human capacity to 
manage and use those systems.
Given the rapid pace of adoption of digital HIS worldwide, it is essential to prepare 
personnel at all levels of the health system to integrate these systems into their daily work. 
Novel approaches are needed to effectively and efficiently train these health care workers on 
core HIS concepts. One such approach is the use of digital eLearning programs, either alone 
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or through blended eLearning programs, which integrate face-to-face and digital learning 
activities. Studies have demonstrated that eLearning outcomes have similar performance to 
traditional face-to-face instruction programs [5–7]. Additionally, eLearning programs have 
been used effectively to train health care workers in resource-limited settings [8,9]. 
However, the use of eLearning specific to HIS has not yet been widely used for training 
health care workers in resource-limited settings.
To address the pressing HIS educational needs of the health workforce in resource-limited 
settings, a partnership was formed between the International Training and Education Center 
for Health (I-TECH) at the University of Washington and the US Centers for Disease 
Control and Prevention (CDC) to conduct a pilot program using blended eLearning. The 
project was supported by the United States (US) President’s Emergency Plan for AIDS 
Relief (PEPFAR), with a goal of strengthening use of data systems in PEPFAR-supported 
projects globally. In this paper, we describe the eLearning course and the results of pilot 
testing in Namibia and Tanzania.
2. Materials and methods
2.1. Program design
In 2009, a group-based, in-person HIS training package was developed by CDC. The goal of 
the 4.5-day course was to “expand the capacity of health care professionals in PEPFAR 
countries to strengthen and effectively implement HIS by increasing access and availability 
to training on core HIS concepts.” The target audience included individuals involved in 
design, deployment, and use of electronic HIS in PEPFAR partner countries, and the 
majority of course participants represented the national, provincial, and district levels of the 
health system in these countries.
While the course was successful, costs and resource requirements related to its in-person 
format limited scalability. To address this challenge, we developed a novel course based on 
the content of the original training package using an eLearning approach, with a similar 
target audience. The eLearning modules were conceived to be publicly available and usable 
through either a blended eLearning format or a self-paced, completely digital eLearning 
format (http://globalhealthworkforce.org/index.html). We then conducted an evaluation of a 
pilot implementation of the eLearning course to ensure that the resources matched needs; 
were understandable, usable, and useful; and contributed to quality improvement of future 
HIS eLearning resources.
For the pilot evaluation, we used a blended eLearning format consisting of a half-day, face-
to-face introductory group session and the digital course content that could be accessed 
either online or through an application pre-installed on tablet devices. We used a blended e-
Learning format, rather than a completely digital one, because learners’ familiarity with e-
Learning applications could not be established prior to piloting. During the face-to-face 
introduction, we provided background information, introduced learning objectives, described 
strategies for self-directed learning, distributed tablets, and oriented users to the tablet and 
eLearning application. Participants then returned to their place of work and had up to 4 
weeks to individually complete the modules. The course contained three narrated modules 
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(Table 1), each with participatory exercises as well as pre- and post-tests. Each module 
required approximately one hour to complete, and included both audio and text options (Fig. 
1). Participants completed the blended eLearning pilot program between April and June 
2016.
The program targeted health care workers (including clinical staff, data clerks, data 
managers, pharmacy staff, and laboratory staff) and national, regional, and district-level 
administrators within select regions of Namibia and Tanzania. Participants were solicited by 
leadership at the Namibia Ministry of Health and Social Services and the Tanzania Ministry 
of Health, Community Development, Gender, Elderly and Children (75 potential participants 
per country).
We administered pre-tests prior to viewing the modules and post-tests at the conclusion of 
each module. Pre- and post-tests used 10 identical, multiple-choice questions. Additionally, 
participants completed a course evaluation for each module, collecting feedback on the 
usefulness, clarity, and perceived knowledge transfer of each eLearning module using 3- and 
5-point Likert scales, as well as free text responses.
2.2. Program assessment
The primary evaluation outcome was knowledge gain resulting from the completion of the 
blended eLearning course, measured by differences in post-test and pre-test scores. 
Secondary outcomes included achievement of a 70% passing score and participant 
satisfaction with eLearning module content, format, and delivery.
We collected participant demographics using the Training System Management and 
Reporting Tool (TrainSMART; I-TECH, Seattle, WA). For participants using the online 
course format, data from the pre- and post-tests and participant evaluations were stored on 
the website used to host the modules (http://globalhealthworkforce.org), with only an 
individual’s project identification number recorded. For participants using the offline tablet 
application, these data were stored on the tablets using Open Data Kit (ODK; University of 
Washington, Seattle, WA), an open-source, password-protected software tool that allowed 
data to be saved on the tablets when offline, then uploaded to a password-protected server at 
the conclusion of the program.
2.3. Statistical analysis
We used descriptive statistics to characterize module completion and pre- and post-test 
scores. We used the paired t-test for comparison of mean pre- and post-test scores and the 
Chi-2 test for equality of proportions of participants with passing scores. We performed 
multivariable regression analysis to identify predictors of the difference between pre- and 
post-test results, with adjustment for pre-test scores, module, eLearning modality, country, 
profession, and sex. The model for score as a continuous outcome used generalized 
estimating equations (GEE) with identity link, Gaussian family, and robust variances, while 
the model for the binary outcome of passing used a GEE model with log link and Poisson 
family with a similar set of covariates.
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Using linear regression models, we compared post-test scores and change in pre-test and 
post-test scores between eLearning program participants and participants in the original 
classroom workshops conducted in Namibia (2012; N = 16), South Africa (2010, 2011, 
2012; N = 56), Swaziland (2013; N = 30), Nigeria (2012; N = 18), and CDC US (2013; N = 
13). These data were limited to a set of 10 questions used in both the workshop and blended 
eLearning tests, and the models were adjusted for pre-test scores.
To explore costs of course delivery, we calculated cost per participant for delivering the 
online and tablet-based forms of the blended eLearning course in Namibia, and compared 
this to a theoretical cost per participant for delivering an in-person workshop-based course 
similar to the original in-person course. These cost estimates reflected ITECH’s perspective 
as a technical assistance partner, and did not include costs for course development nor time 
costs for course participants.
Analyses were performed with Stata version 14.1 (StataCorp, College Station, TX). All 
statistical testing was two-sided, and a p-value of < 0.05 was considered statistically 
significant.
3. Results
A total of 131 people enrolled in the blended eLearning pilot program, 72 (55%) from 
Namibia and 59 (45%) from Tanzania (Table 2). The majority were female (n = 88, 67%) 
and were nurses (n = 65, 50%). Of the 131 people who participated in the in-person 
orientation, 95 (73%) completed some or all of the eLearning modules. The proportion of 
enrollees who completed some or all of the eLearning modules did not differ significantly by 
country (p = 0.27), cadre (p = 0.27), or sex (p = 0.36). Nearly half of all program 
participants completed the post-test for all three eLearning modules (n = 60, 46%). Among 
those who completed some or all of the eLearning modules, 77 out of 95 did so using a 
tablet (81%), while 18 did so using online access to the modules (19%); all online users 
were in Namibia.
On average, participants’ scores on the eLearning module post-tests were higher than on the 
pre-tests for each of the three modules (p < 0.001; Fig. 2). The mean difference in post-test 
score relative to pre-test score was +1.74 points (95% CI, 1.31–2.17) for module 1, +1.37 
points (95% CI, 0.82–1.92) for module 2, and +1.85 points (95% CI, 1.36–2.33) for module 
3. Overall, scores on module 2 were slightly lower than for modules 1 and 3.
Across all three modules, more people passed the post-test compared to the pre-test, at the 
70% passing threshold. Of those who failed the pre-test for module 1, 73% moved from non-
passing to passing scores on the post-test. Of those who failed the pre-test for module 2, 
39% passed the post-test, and of those who failed the pre-test for module 3, 67% passed the 
post-test. The opposite result of moving from passing to non-passing from pre- to post-test 
was rare (0, 3, and 2 cases for modules 1, 2, and 3, respectively). The difference in passing 
rate for the pre-test and post-test was statistically significant only for module 1. Only 22 
(17%) of all 131 eLearning course enrollees completed and passed the post-test for all three 
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modules. Passing rates did not vary significantly by country (p = 0.55), sex (p = 0.52), or 
cadre (0.63).
Using multivariable regression, we found that neither the eLearning format nor participant 
characteristics such as gender, country of origin, and profession were associated with 
knowledge gain as assessed by difference in post-test and pre-test scores (Table 3). 
Participants with higher knowledge of module content on the pre-tests were less likely to 
gain significant new knowledge (p < 0.001). Module content was also significantly related to 
knowledge gain, with lower levels of score improvement in modules 2 and 3 relative to 
module 1 (p < 0.001 and p = 0.02 respectively).
We calculated pre-test and post-test scores for the participants of the blended eLearning 
course using only the ten questions that were used for pre- and post-test assessment for the 
CDC in-person module on “Introduction to HIS.” We found that there was no significant 
difference in the pre-test scores when comparing the eLearning course participants to the in-
person course participants (Table 4). However, the in-person course participants had higher 
post-test scores, raising their scores by 0.69 points more than the eLearning course 
participants.
Of participants who completed the final blended eLearning course evaluation, respondents 
reported good to very good satisfaction with the overall content of the course and with the 
eLearning modules (3.5 and 3.6 out of 5-point Likert scale). Respondents reported that they 
were somewhat to fully able to use eLearning technology to learn about the foundations of 
HIS (2.5 out of a 3-point Likert scale) and to identify the competencies needed by health 
care workers to effectively use HIS (2.3 out of a 3-point Likert scale).
We estimated the costs associated with the in-person course, and compared these to observed 
costs for the eLearning pilot project in Namibia (Table 5). We assumed 20 participants in 
each course, and assumed that one international trainer traveled to Namibia for both the in-
person and the blended eLearning course. The results demonstrate a cost per participant, 
which was 2.2–3.4 times greater for the in-person course than for the blended eLearning 
course ($980 vs. $287–437), and a cost per passing participant which was 2–3 times greater 
($1042 vs $342–521).
4. Discussion
In this pilot evaluation of a blended eLearning course, we demonstrated an innovative 
approach to improving health workforce capacity to manage and utilize HIS – a critical 
component of strengthening health systems globally. The course was successful in 
improving knowledge related to HIS among participants in a variety of health professions in 
Namibia and Tanzania, and learning gains were not significantly impacted by gender, 
profession, country of residence, or media (tablet vs. online access to course material). 
When comparing results from previous in-person workshops developed by CDC and the 
blended eLearning course, we found that participants experienced strong learning gains in 
both, although learning gains were somewhat greater in the in-person course. Blended 
eLearning course participants gave positive feedback about the course structure, as well as 
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their knowledge of HIS competencies at the end of the training. Additionally, we estimate 
that the total cost per participant is up to 3.4-times less expensive for the blended eLearning 
course than for an in-person course with similar content.
We found a highly significant increase in mean post-test score relative to mean pre-test score 
in all three eLearning modules, in addition to a trend towards higher passing rates (with a 
70% passing threshold) on post-tests relative to pre-tests. Although these results are 
encouraging, it is important to note the relatively select nature and small size of the pilot 
implementation, which may limit translation of these results if the course were implemented 
on a broader scale. While a wide variety of health professionals were represented among the 
course participants, this pilot implementation did not include health data personnel from the 
district or provincial levels – key groups to include in future HIS training. The blended 
eLearning course participants were selected by their supervisors for participation, perhaps 
influencing their motivation to complete the required work. It is unclear how much time 
participants were allotted for completion of the eLearning modules within their usual 
workday, or whether they received any support from their colleagues or supervisors in the 
completion of the modules. Further evaluation of the conditions for achieving successful 
learning gains in different contexts and with different types of participants would be helpful.
Although there were strong learning gains among participants of both this blended 
eLearning pilot evaluation and the comparison in-person course previously conducted by 
CDC, in-person course participants did have significantly greater gains, compared to the 
eLearning participants. There may be true learning benefits to face-to-face instruction that 
are diminished with eLearning courses. Additional possible reasons for the disparity in 
learning gains may be the different profile of course participants. In-person course 
participants were leaders at the national, provincial, and district levels of their countries, and 
English was the primary language for many of these participants, whereas eLearning course 
participants were primarily facility-level health care workers and many were not native 
English speakers. Additionally, participants in an in-person course benefit from the presence 
of a trainer who could clarify difficult or unfamiliar terms. It is possible that differences in 
education, language, familiarity with pre- / post-course testing, or other participant factors – 
rather than learning modality – may explain the differences observed.
Blended eLearning course participants and supervisors within the national ministries of 
health for Tanzania and Namibia provided insights on the utility of the eLearning resources 
for future HIS eLearning education. Tanzania, for example, currently uses an online web 
portal as part of its HIS to provide health data, visualization, and health program indicators 
at the national and regional level. The Tanzania Ministry of Health, Community 
Development, Gender, Elderly and Children is planning to move to eHealth systems in over 
7000 health facilities across the country. This creates a significant opportunity to educate 
facility-level health workers on the use and maintenance of HIS, including issues of data 
quality. In order to optimize performance of this or similar blended eLearning HIS courses 
in the future, pilot participants recommended increasing the amount of time to complete the 
course materials, translating materials into local languages, distributing some or all of the 
course material in hard copy, or offering a second in-person session at the end of the course 
to facilitate discussion of key material. Pilot evaluation participants also recommended 
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increasing use of personal smartphones to access the eLearning modules via the internet, 
rather than use of tablet devices with pre-installed software.
As this was a blended eLearning course, with an in-person introductory session plus digital 
course content, there are important implications for future adaptation. For example, the 
format of the course could be changed to add more face-to-face learning time versus less – 
or none at all – to adjust to different needs of learners as well as different budgets. Although 
we have demonstrated success of this course, it is unclear whether an exclusively eLearning 
course model (without any face-to-face component) or a self-study model would be equally 
effective.
There continue to be innovations in distance education targeting the health workforce, with 
new programs made available since the time of this study. It is critical that these programs 
consider the specific HIS educational needs of low- and middle-income countries, 
particularly in Africa. These settings differ from high-income settings not only in having 
limited availability of health informatics training, but also in fundamental differences in their 
HIS ecosystems, such as greater reliance on offline, mobile, and open-source tools or early-
stage HIS policy and governance environments. Additionally, in order to meet these 
education needs in a timely and efficient manner, programs should emphasize eLearning 
over in-person courses where possible. Future research is needed to assess the comparative 
effectiveness of these programs. Lastly, all educational programs focused on HIS, including 
the course presented here and the related modules available at http://
globalhealthworkforce.org/index.html, will need to be continually updated in order to 
remain current. Future work must include expansion and optimization of the current 
modules, and targeted dissemination to support uptake in appropriate settings.
5. Conclusions
In summary, we have developed an innovative, blended eLearning course to build health 
workforce capacity for the implementation of HIS. In robust analysis of our pilot 
implementation with 131 enrollees from Tanzania and Namibia, we found strong learning 
gains based on pre- and post-tests. Comparison of our blended eLearning course to a similar 
in-person course demonstrated similar, though modestly reduced, knowledge transfer at a 
much-reduced cost. As leaders of health systems and nongovernmental agencies work to 
develop the human resources to improve healthcare delivery, access to effective, affordable 
tools to train health workforce members is critical. This pilot evaluation demonstrates an 
example of one such approach for the delivery of HIS-related training – a critical skillset at 
all levels of health systems. This novel training program could play an important role in 
building health workforce ability to utilize and maintain electronic HIS, ultimately 
improving health through better information and a stronger health workforce.
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Summary Table
What was already known
• Health information systems (HIS) are a critical component of health systems 
globally
• An in-person course has previously been successfully used to train health care 
workers from low-resource settings in the principles and use of HIS
• eLearning courses can have similar performance to traditional face-to-face 
instruction programs, and have been successfully used in low-resource 
settings
• It is unknown whether HIS eLearning courses are effective in low-resource 
settings
What this study added to our knowledge
• A blended eLearning course can be successfully used to improve knowledge 
related to HIS among participants in a variety of health professions in low-
resource settings
• The total estimated cost per participant is up 3.4-times less expensive for a 
blended eLearning course than for an in-person course with similar content
Rudd et al. Page 11
Int J Med Inform. Author manuscript; available in PMC 2020 November 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Fig. 1. 
The transcript tab allows learners to read along with the narration.
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Fig. 2. 
Change in knowledge by module, Namibia and Tanzania combined. Seventy-three people 
took both the pre- and post-test for eLearning module 1, 68 people for module 2, and 65 
people for module 3. The p-value for the paired t-test for the difference in mean score on the 
pre- and post-test for each module was < 0.001.
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Table 2
Participant characteristics, Namibia and Tanzania.
Characteristic Namibia N = 72 Tanzania N = 59 Total N= 131
Gender, n (%)
Female 58 (81) 30 (51) 88 (67)
Male 14 (19) 29 (49) 43 (33)
Profession, n (%)
Nurse 48 (67) 17 (29) 65 (50)
Physician 3 (4) 26 (44) 29 (22)
Pharmacist 4 (6) 0 (0) 4 (3)
Advanced-Practice Provider 0 (0) 1 (2) 1 (1)
Social Worker 0 (0) 1 (2) 1 (1)
Community Health Worker 1 (1) 0 (0) 1 (1)
Dentist 0 (0) 1 (2) 1 (1)
Other 16 (22) 13 (22) 29 (22)
Program Completion, n (%)
In-Person Orientation Only 17 (24) 19 (32) 36 (27)
Orientation + Some eLearninga 19 (26) 16 (27) 35 (27)
Orientation + All eLearningb 36 (50) 24 (41) 60 (46)
eLearning Format, n (%)c
Tablet 37 (67) 40 (100) 77 (81)
Online 18 (33) 0 (0) 18 (19)
a
Participation in some eLearning defined by completion of the pre-test for at least one module.
b
Participation in all eLearning defined by completion of the post-test for all three modules.
cOf participants who completed some or all eLearning.
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Table 3
Adjusted analysis of change in pre-test and post-test scores by participant characteristic, Namibia and 
Tanzania combined.
Characteristic Coefficient (95% CI) P-value
Gender
Female (ref) – –
Male 0.31 (−0.52 – 1.14) 0.47
Country of Origin
Namibia (ref) – –
Tanzania 0.51 (−0.20 – 1.22) 0.16
Profession
Nurse (ref) – –
Physician 0.11 (−0.97 – 1.19) 0.84
Other 0.34 (−0.39 – 1.07) 0.37
eLearning Format
Tablet (ref) – –
Online 0.44 (−0.46 – 1.33) 0.34
Pre-test Scorea −0.66 (−0.80 to −0.52) < 0.001
Module
Module 1 (ref) – –
Module 2 −1.33 (−1.83 to −0.82) < 0.001
Module 3 −0.60 (−1.10 to −0.11) 0.02
Analysis performed using GEE model with Gaussian family and identity link with robust variances. Each characteristic assessed while controlling 
for all other listed characteristics. The coefficient represents the difference in the change score from pre-test to post-test, relative to the reference 
value for each category.
a
For every one point increase in pre-test score, the expected gain in points from the pre-test to post-test decreases by 0.66 points. As an example, a 
participant with a pre-test score of 8 would be expected to have a 0.66-point smaller increase in score on the post-test relative to a participant with a 
pre-test score of 7.
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Table 4
Pre- and post-test performance for eLearning and in-person courses, Namibia and Tanzania combined.
eLearning Course N = 61 In-Person Course N = 108 P-value
Pre-test score, mean 6.02 6.34 0.24
Post-test score, mean 8.13 9.14
< 0.0001a
Change in score from pre- to post-test, mean + 2.11 + 2.80
< 0.0001a
Analysis performed using 10 shared questions from the eLearning and in-person courses, with each question awarded 1 possible point. P-values 
calculated using linear regression with outcome of score and exposure of type of course.
a
Linear regression models adjusted for pre-test score.
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Table 5
Sample costs of training for in-person versus blended eLearning course in Namibia.
Parameter In-person course Online course Tablet-based course
Number of participants 20 20 20
International trainer airfare $1500 $1500 $1500
International trainer per diem $1694 $726 $726
Transportation to training facility $300 $300 $300
Facility cost $4000 $800 $800
Participant per diem $12,100 $2420 $2420
Tablets $3000
Total $19,594 $5746 $8746
Cost per participant $980 $287 $437
Post-test pass ratea 0.94 0.84 0.84
Cost per passing participant $1042 $342 $521
All costs in US dollars.
a
Pass rate based on achieving a passing score of ≥ 7 of 10 possible points on post-test using only the 10 questions that were used for assessment for 
the CDC in-person module on “Introduction to HIS,” assuming that all participants take the post-test.
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